We calculate the 1-loop renormalization of the fermion self-energy, all local fermion bilinears, as well as a set of extended bilinears which form a basis corresponding to moments of the parton distribution functions.
1 Introduction.
The description of physics in the Bjorken limit involves the operator product expansion which has the standard form:
(n,i)
The forward matrix elements of the local operators O (n,i) appearing in this expansion are directly related to the moments of hadron structure functions. The dominant contribution in the expansion is given by operators whose twist (dimension minus spin) equals two, which in the flavor non-singlet case means the symmetric traceless operators [1] O µµ 1 
where λ a are flavor matrices, and the curly brackets denote symmetrization over Lorentz indices. A proper renormalization is required for these operators, before one can relate results from numerical simulations to physically observable quantities.
In this work we compute the renormalization factors of the following quantities, defined on the lattice. a) Quark self-energy.
c) Operators which measure the first moment of quark momentum distributions.
d) Operators which measure the first moment of quark helicity distributions.
Our calculations provide a cross check and an extension of results appearing in Refs. [3, 4, 5] .
Work is in progress using the following operators: a) Operators measuring the second moment of quark momentum distributions.
b) Operators measuring the second moment of quark helicity distributions.
A synopsis of some of our results can be found in Ref. [2] .
Calculational setup.
We denote the lattice action by
where S G is the gluon action, and S F is the fermion action. The gluon action we consider is written in standard notation:
where U pl is the standard plaquette, while the remaining U's cover all possible closed loops containing up to six links, as indicated in Fig. 1 . The coefficients c 0 , c 1 , c 2 , c 3 satisfy the normalization condition:
As in Ref. [4] , we have used the values of c 0 , c 1 , c 2 , c 3 , shown in Table 1 , where "Plaquette" is the standard Wilson action for gluons, "Symanzik" is the tree-level improved action [6] and TILW is the tadpole improved Luescher-Weisz action [7, 8] . Iwasaki [9] 3.648 -0.331 0.0 0.0 DBW2 [10] 12.2688 -1.4086 0.0 0.0 Table 1 : The values of coefficients c 0 , c 1 , c 2 , c 3 .
The action for massless overlap fermions is given by [11] 
with
and: X = D w − ρ. Here D w is the massless Wilson-Dirac operator with r = 1, and ρ is a free parameter whose value must be in the range 0 < ρ < 2 in order to guarantee the correct pole structure of D N .
3 Results.
Self energy
Let us consider the massless quark propagator S N first. The inverse of S N can be written as:
with C F = (N 2 − 1)/2N, and Σ 1 (a, p) = log(a 2 p 2 ) + b Σ (Feynman gauge). The diagrams that contribute to one loop order are shown in Fig. 2 . Our results for b Σ are shown in Fig. 3 and, on a different scale, in Fig. 4 . One observes a divergence of this quantity for ρ → 0, which can be expected, since the fermion propagator behaves singularly in this limit. Numerical values of b Σ are listed in Table 2 for typical values of ρ : ρ = 0.6, 1.0, 1.4. 
Quark bilinears
Let us consider local operators of the form
where X = S, P, V, A, T , and
We denote the amputated Green's function of the operator O X by Λ X . The final results are (in Feynman gauge):
Where b S = b P and b V = b A . Among the diagrams appearing in Fig. 5 , only the first one (Vertex) contributes to Λ X . Our results provide a cross check and an extension of results appearing in Refs. [3, 4] . They are shown in Figures 3+4 (b 
First moment of quark distributions.
We have calculated the 1-loop renormalization coefficients of the operators
which are the symmetric off-diagonal, and the traceless diagonal parts, respectively, of the operator:
The axial counterparts
of the above operators renormalize in the same way. Using the notation of Ref. [5] , we find for the amputated Green's function of O µ,ν in the Feynman gauge: All 1-loop calculations presented in this work were performed using our Mathematica package for lattice perturbation theory. Numerically inverting the gluon propagator turned out to be less CPU consuming, as compared to using an analytic expression for the inverse. We used a rather wide spectrum of values for the Symanzik parameters c i and for the overlap parameter ρ ; results for further values of the parameters can be provided by the authors upon request.
It is worth noticing that both b and b ′ are noticeably suppressed in the case of the DBW2 action. This seems to favour this action for purposes of numerical simulation.
Some related quantities of interest for the study of structure functions are the second moments of quark momentum and helicity distributions, Eqs. (10-13), as well as nonforward matrix elements of various fermion bilinears. We expect to address these issues in a future report. Iwasaki [9] 7.989846185(1) 9.02297610282(2) 9.82968352735(1) DBW2 [10] 6.346306461(1) 7.0639464328(2) 7.571097190(2) Iwasaki [9] 6.3057833598(1) 6.31095730979(1) 6.31875098630(4) DBW2 [10] 6.2975701799(1) 6.2996002928(1) 6.30255799548(6) 
